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Despite increasing popularity in the use of stent grafts to treat aortic diseases, stent grafts are used for pulmonary arterial
lesions less frequently. In particular, to our knowledge no report has described stent graft implantation into the
pulmonary arteries in patients with total cavopulmonary connection (Fontan operation). This rarity might be related to
the inability of commercially available devices to conform to the complex vascular geometry in these patients. We report
the successful application of a homemade stent graft, which had been designed according to a preliminary angiographic
assessment, to simultaneously treat left pulmonary artery stenosis and residual shunt, without reoperative sternotomy,
long after Fontan completion. (J Vasc Surg 2010;51:1268-71.)Despite increasing popularity in the use of stent grafts
to treat aortic diseases,1,2 stent grafts are used for pulmo-
nary arterial (PA) lesions less frequently. In particular, to
our knowledge no report has been published describing
stent graft implantation into the PAs in patients with total
cavopulmonary connection (Fontan operation). The rarity
of this intervention might be related to the inability of
commercially available devices to conform to the complex
vascular geometry in these patients. We report the success-
ful application of a homemade stent graft, which had been
designed according to a preliminary angiographic assess-
ment, to simultaneously treat left PA stenosis and residual
shunt, without reoperative sternotomy, long after Fontan
completion.
CASE REPORT
A24-year-old womanwithmitral atresia, a double-outlet right
ventricle, and pulmonary stenosis presented with leg edema. She
had undergone multiple cardiothoracic surgeries, culminating in
an extracardiac Fontan completion at age 10 years (Fig 1). Left PA
stenosis and residual forward flow through the ligated pulmonary
trunk with significant left-to-right shunt were noted at the first
postoperative catheterization.
Several attempts were subsequently made to relieve the steno-
sis by means of balloon dilatation, because any burden in the
pulmonary blood stream could have a significant adverse effect on
the efficacy of the Fontan circulation, which lacks a subpulmonary
ventricle, but these interventions were not effective. Serial cath-
From the Department of Cardiovascular Surgery, Osaka University Gradu-
ate School of Medicine.
Competition of interest: none.
Reprint requests: Professor Yoshiki Sawa, 2-2 Yamadaoka, Suita, Osaka
565-0871, Japan (e-mail: sawa@surg1.med.osaka-u.ac.jp).
The editors and reviewers of this article have no relevant financial relationships
to disclose per the JVS policy that requires reviewers to decline review of any
manuscript for which they may have a competition of interest.
0741-5214/$36.00
Copyright © 2010 Published by Elsevier Inc. on behalf of the Society for
Vascular Surgery.doi:10.1016/j.jvs.2009.12.043
1268eterizations also demonstrated a progression of tricuspid insuffi-
ciency, which was deemed significant in her clinical manifestation.
Elimination of the residual shunting was therefore considered
mandatory to unload the ventricle.
To address these residual lesions, we initially considered open
surgical procedures by means of ligation (or division) of the PA
trunk and patch augmentation for the stenotic left PA. However,
we concluded that this surgical intervention would carry a certain
risk of morbidity and even death, owing to the multiple previous
sternotomies and the particular relationship of the great arteries,
that is arterial transposition, where the PA trunk is located behind
the aorta, making an approach to the PA vasculature difficult (Fig
2). After a thorough discussion with the patent, she consented to
an alternative percutaneous option that we proposed.
After systemic heparinization, an 18F long sheath was
introduced to the target lesion through the right femoral vein.
The stent graft consisted of a 36-mm-long woven graft (Ube Ltd,
Tokyo, Japan) and an internally placed balloon-expandable Palmaz
P4010XL stent (Johnson & Johnson Medical, Miami, Fla) that
was hand-sutured to the distal end of the graft with six pairs of
interrupted stitches using 6-0 Prolene (Ethicon Inc, Somerville,
NJ) suture.
The stent was a few millimeters shorter than the surrounding
graft; thus, the entire part of the stent was covered with the graft
without any protrusion from the graft end. The graft had a tapered
form, with the proximal and distal diameters of 18 and 15 mm,
respectively, both of which were approximately 2-mm larger than
the anticipated landing zones (Fig 3). The stent graft was mounted
on a 15-mmMaxi LD balloon catheter (Johnson & Johnson) and
deployed by dilation of the 15-mm balloon. A noncompliant
20-mm balloon was subsequently applied to tailor apposition of
the proximal portion of the graft.
Subsequent ventriculograms (Fig 2) revealed the dissipation
of the shunt flow through the pulmonary trunk, which was further
endorsed by blood sampling showing the absence of oxygen
step-up in the PAs. The patient was extubated in the operating
room and was discharged with warfarin therapy. No evidence of
stent migration or thrombus formation within the graft was seen
on computed tomography scans at 3 and 6 months after the
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pulmonary trunk was obliterated with thrombus, eliminating a
potential for the residual shunting (Fig 3).
DISCUSSION
It is arguable that stent grafts may be less suitable for
the pulmonary circulation due to more complex vascular
geometry. This would be particularly true in patients with
cavopulmonary connection because their PAs are often
atypical and have even been modified with previous surger-
ies. To the best our knowledge, apart from a few articles
reporting a graft implantation into the Fontan pathway
itself,3,4 no published report has described the application
of a stent graft for PAs in patients with cavopulmonary
connection. Nevertheless, it would be this group of patients
who could benefit the most from percutaneous procedures
considering their histories of multiple operations.
The rarity of previous reports is presumably associated
with the intrinsically complex geometry of the pulmonary
vasculature that makes ready-made products unfavorable
for insertion. Nowadays, several companies can provide
devices made to the exact the specifications requested by
their customers, but these custom-made devices are not
available in Japan. We therefore applied a handmade stent
Fig 1. A schematic illustration depicts the cardiac anatomy of our
patient. The left ventricle (LV) is rudimentary because of an atretic
mitral valve. Consequently, the systemic circulation is supported
by a morphologically right ventricle (RV) and a tricuspid valve,
both of which are fundamentally right-heart structures. The supe-
rior (SCV) and inferior caval veins (ICV) are connected to the
right pulmonary artery (RPA), either directly or with an artificial
conduit, to reroute caval venous blood toward the pulmonary
circulation without interposition of any pumping chamber. Ao,
Aorta; LA, left atrium; LPA, left pulmonary artery; RA, right
atrium.graft that was designed to conform to particular anatomy ofour patient by following a careful assessment of the target
vessels. Thanks to this individualized approach, the im-
planted graft fitted well to the native PAs without distor-
tion, avoiding a potential nidus for residual leaks or flow
turbulence that could be critical in this pump-less circula-
tion.
Despite its obvious benefit, the use of a stent graft has
Fig 2. Ventriculograms document before and after the graft im-
plantation. A, A systemic right ventricle gives rise to both the
anterior aorta and the posterior small pulmonary trunk (PT)with a
residual flow. The subpulmonary infundibulum is marked with
white arrows. B, No forward flow is seen across the PT after the
graft implantation. Ao, Aorta; RV, right ventricle.potential disadvantages. Thrombus formation inside the
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monary connection, where the pulmonary circulation is
characterized by nonpulsatile, low-output streaming in
the setting of an altered coagulation profile.5 In this
regard, stent grafts with exterior scaffolding may provide
superior thrombogenicity than those with an inner sup-
port structure. The scaffolding in most commercially
available stent grafts is isolated behind a prosthetic graft
to provide a smoother luminal surface. It is technically
difficult, however, to prepare a handmade stent graft in a
similar fashion.
This would be a drawback inherently associated with
handmade devices, which obliged us to prescribe warfarin
Fig 3. A, A preliminary angiogram shows the sizes of th
relationship with the stenotic portion are indicated. B, T
target vessels as closely as possible, allowing for some ov
C, A postdeployment angiogram demonstrates a well-p
tomography image 6 months after graft implantation de
trunk with thrombus (white arrows).therapy for the patient in the first 3 months. This durationwas based on our belief that a transient hypercoagulable
state, if present, would subside within the first few months
after graft implantation. Because no well-defined standards
have been developed for the optimal duration of anticoag-
ulation, our approach is obviously not evidence-based but
rather experience-based. Much longer or even lifelong an-
ticoagulation might be beneficial in this case. Further
follow-up is necessary to provide an insight about whether
endovascular treatments for PA lesions are truly advanta-
geous in these patients.
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